T he ideal stroke scale should be valid, reliable, and simple to administer. While no current scale satisfies all these requirements, [1] [2] [3] [4] [5] introducing a new scale is a formidable undertaking, given the expense associated with rigorous clinimetric scale design. 6 To improve the usefulness of a currently used scale, the National Institutes of Health Stroke Scale (NIHSS), we conducted several investigations of reliability, validity and internal structure. 7, 8 The NIHSS is
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generally reliable, although some items such as ataxia and dysarthria exhibit low scores (poor interrater reliability). 9 We found that the internal structure of the scale consists of 2 basic factors, relating to each of the 2 cerebral hemispheres. 8 These previous investigations suggested that the NIHSS might be modified to make it simpler and easier to use. A scale with excess items, or items that do not contribute to the score in a meaningful way, wastes time and effort. Therefore, we propose a simplified version, the modified NIHSS (mNIHSS). To estimate the reliability and validity of the new scale, we used the same data we used previously to investigate the NIHSS. Using the previously published data allows easy comparison of the clinimetric features of the mNIHSS and facilitates the design of a prospective investigation, which is required to fully evaluate the mNIHSS.
Methods

Scale Derivation
The mNIHSS was devised on the basis of the results of prior work. The first item in the scale, level of consciousness, exhibited reasonably good reliability (ϭ0.62) but in a factor analysis was redundant. 8 This item was dropped, but the 2 remaining "consciousness" items were retained because they showed higher values. The reliability of the ataxia item was poor, and it contributed little to the internal structure of the scale; this item was therefore deleted. 7 The facial weakness and dysarthria items exhibited poor reliability and appeared to be redundant in a factor analysis and therefore were removed. The sensory item was collapsed from 3 to 2 choices, on the basis of the poor seen in the reliability study. 7 The resulting mNIHSS is shown in Table 1 .
To evaluate the mNIHSS, we used the data from the National Institute of Neurological Disorders and Stroke (NINDS) rtPA Stroke Trials, which were 2 randomized, double-blind, placebo-controlled trials to assess the effect of recombinant tissue plasminogen activator (rtPA) treatment for patients with acute ischemic stroke. 10 Eight clinical centers participated in the study, with Ͼ40 hospitals involved. Six hundred twenty-four patients were enrolled in 2 separate trials (part I, nϭ291; part II, nϭ333). The 2 trials had the same recruitment and data collection protocol but different primary outcomes. In part I, rtPA activity (Ն4-point improvement over baseline) was assessed 24 hours after stroke onset, but all end points were evaluated 90 days after stroke as well. Part II was a study of the rtPA treatment efficacy 90 days after stroke onset. In both parts, the NIHSS scores were collected at baseline, 2 hours after treatment onset, and 24 hours, 7 to 10 days, and 3 months after stroke onset. Lesion volumes were estimated from unenhanced CT scans obtained 3 months after stroke with quantitative volumetry. The details of the CT method will be the subject of another publication.
Reliability
We measured mNIHSS interrater and intrarater reliability with the certification data collected previously. 7 The details of the design of the prior version of the scale, as well as our video certification method, are described in detail in our prior report. 7 Briefly, we printed the scale instructions on the face of the stroke scale form so that the examiner always had them available for reference. We videotaped 4 different examiners examining 11 certification patients on 2 different certification tapes. Each certification tape contained a brief introduction, intended to standardize the manner in which the investigators viewed the patients. To measure the effectiveness of the training process, we summarized the agreement among raters using statistics for the case of multiple raters who examine a few subjects. 11, 12 The unweighted is qualified as follows: Ͻ0.40 defines poor concordance, between 0.40 and 0.75 defines moderate concordance, and Ͼ0.75 defines excellent concordance. 12 
Content Validity: Factor Analysis
To assess the underlying structure of mNIHSS items, we used factor analysis, as we have described in detail. 8 We recalculated the goodness of fit on the basis of a 4-factor solution restricted to 11 NIHSS items involved in the mNIHSS, using data collected in the NINDS rtPA Stroke Trials. We evaluated the goodness of fit on data collected at the baseline in parts I (nϭ291) and II (nϭ333) for reliability. 13 To ensure that the factor structure was free of time or treatment confounding effects, the goodness of fit was calculated for The item numbers correspond to the numbering in the original scale to allow easy identification of the changes. data collected at 2 hours, 24 hours, 7 to 10 days, and 3 months after rtPA treatment or placebo treatment. This analysis was intended to determine whether the mNIHSS behaved in a manner similar to the NIHSS over serial examinations.
Concurrent and Predictive Validity
To estimate the validity of the scale, we determined mNIHSS scores from data collected in the NINDS rtPA Stroke Trials on 624 patients. 10 To assess criterion and predictive validity, we compared the relationship between mNIHSS and NIHSS scores at baseline, 24 hours, and 3 months using Spearman correlation coefficients. The intention-to-treat approach was used to impute the worst score (31 for mNIHSS or 42 for NIHSS score) for patients who died or missed the follow-up. To measure concurrent validity, we compared the correlation of mNIHSS with the other neurological functions (Barthel Index, 14 modified Rankin Scale, 15 and Glasgow Coma Scale 16 ) measured at 3 months on the basis of scores and dichotomized variables. The coefficients were calculated among the binary outcomes. We used the mNIHSS to test for treatment effect on improvement at 24 hours and treatment effect on minimal or no disability at 3 months after stroke (a 3-month favorable outcome), for comparison with the original report. 10 The improvement at 24 hours is defined as a 4-point decrease from baseline in the mNIHSS or complete resolution of neurological deficits at 24 hours from stroke onset, as was used in the prior trial. The 3-month favorable outcome is the summary statistic defined from a set of measures at 3 months including a Barthel Index Ͼ95, Rankin Scale Ͻ1, Glasgow Outcome Scaleϭ1, and mNIHSS Ͻ1. The Mantel-Haenszel test was used with stratification according to clinical centers and/or time when studying the 0-to 180-minute group for improvement at 24 hours. 17 The relative risk and 95% confidence limits were reported. A relative risk Ͼ1 with 95% confidence limits excluding 1 indicated significant treatment benefit of rtPA compared with placebo.
Responsiveness
To test whether the mNIHSS could predict differential stroke outcomes (similar to responsiveness), we used the mNIHSS to replace the NIHSS in a predictive model of acute intracranial hemorrhages. 18 The details of this model have been published: the NIHSS proved to be one of the key predictors in that analysis, suggesting that the data set would be a good test of the responsiveness of the mNIHSS. 19 We also modeled the probability of a 3-month favorable outcome in a prior study; again, we substituted the mNIHSS for the NIHSS in that model. 20 
Results
Reliability
The reliability of the mNIHSS, measured from the certification videotapes, was as good as or superior to the NIHSS (Table 2) . On both tapes, the number of items showing poor values decreased from 20% to 14%. For the mNIHSS, 55% of the items showed excellent agreement, compared with 40% for the NIHSS. Compared with 8 items for the NIHSS, only 3 mNIHSS items showed poor agreement: loss of consciousness questions (item 1C), gaze, and aphasia.
Validity
The internal structure of the mNIHSS was identical to that of the NIHSS, a measure of content validity (sometimes called structure validity). The 4-factor solution, which was the best in our prior investigation of the NIHSS, was also found in the mNIHSS ( Table 3 ). The 4-factor loading for each new scale item is shown. The higher the loading, the greater is the contribution of that item to the factor. As with the NIHSS, the first factor seems related to left hemisphere function, containing language and the 2 items requiring correct verbal responses. The second factor, containing the gaze, visual field, neglect, and sensory items, can be related to right hemisphere function, since right cortical neglect influences the responses on the sensory and visual items, while aphasia interferes with responses to the gaze, visual, and sensory items. These 2 effects may work together to cause these items to load most heavily on the right hemisphere factor. Gaze, visual, and sensory items are influenced by left hemisphere as well; they load on the right hemisphere because of the combined effects of aphasia and neglect. The third factor represents left hemisphere motor function, while the fourth factor represents right hemisphere motor function. The dysarthria item loads weakly on both motor items, as might be expected, but loads most heavily on the left hemisphere. The goodness of fit statistic (comparative fit indexϭ0.96) is equal to that of the NIHSS. When used over time, and in placebo-treated compared with rtPA-treated groups, the mNIHSS values were as robust as those of the NIHSS, ranging from 0.93 to 0.96. The goodness of fit coefficients were all greater than the comparable values found for the NIHSS. The mNIHSS was valid for detecting drug treatment effect. The scale scores clearly differentiated the 2 treatment groups at 24 hours, as illustrated in Table 4 . In the original trial, early improvement was defined as complete resolution of the neurological deficit or an improvement from baseline in the NIHSS score by Ն4 points 24 hours after the onset of stroke. For comparison with the original scale, the data previously published are listed. 10 The relative risk for scoring Ն4 points better than baseline is shown. Part I of the study was designed prospectively to detect this effect and was not statistically significant in the original study. With the use of the mNIHSS, however, part I was statistically significant in the 91-to 180-minute and the 0-to 180-minute strata. Each analysis in Table 4 indicates that the confidence levels are generally comparable with the use of the mNIHSS. Using another definition of early improvement, such as 5 or Ն6 points, results in similar findings: more rtPA-treated patients showed early improvement.
The mNIHSS also differentiated the treatment groups at 3 months ( Table 5) . The results are shown for various strata from the original study to allow comparison with Table 4 in the original publication. 10 In the original trial, the primary outcome was defined as an improved odds of recovery 3 months after treatment, using a global odds ratio. The global odds ratio is computed from all 4 stroke scales. The odds ratios calculated with the mNIHSS in place of the original NIHSS are comparable. The slight decreases in the probability values indicate a possible increase in power. The odds ratios and relative risk ratios for a score of 0 or 1 at 3 months are also shown. Again, the ratios are comparable, and the probability values are slightly lower with the use of the mNIHSS. Power was estimated directly with the use of a method for multiple correlated binary outcomes. 21 With part I data, the power to detect a Ն4-point improvement by 24 hours was increased from 24% to 51% with the mNIHSS. With part II data, the power to detect a favorable outcome (score of 0 or 1) 3 months after stroke did not improve with the mNIHSS. CL indicates confidence limits. The Mantel-Haenszel test was used for univariate analyses with groups stratified according to clinical center and, for analyses of 0-to 180-minute groups, the time to treatment after the onset of stroke (0 to 90 minutes or 91 to 180 minutes). For the global test (which used logit-link function), the same stratifying variables were included as covariates.
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Responsiveness
When we substituted the mNIHSS for the original scale in the logistic models, the results were identical to our prior reports. The predication model of hemorrhage was based on the rtPA-treated group only because there were so few hemorrhages in the placebo group. The final multivariable symptomatic hemorrhage prediction model contained the same 2 variables as in our prior report: early CT findings and categorized mNIHSS. The odds ratios for symptomatic hemorrhage in the rtPA-treated patients (nϭ306) were 1.65 (95% confidence limits, 1.13, 3.40) for the mNIHSS score and 6.90 (95% confidence limits, 2.00, 23.78) for early CT findings of ischemia. These odds ratios and confidence limits are similar to those obtained in the prior report with the original NIHSS.
The model for predicting all hemorrhages within 36 hours of treatment, symptomatic and asymptomatic, was also identical to the previous report, containing the same variables: smoking, baseline mNIHSS, early-ischemic CT findings, and admission blood pressure. Odds ratios and confidence limits were similar to the previous report (data not shown). The prediction of a favorable outcome uses baseline variables that may predict a favorable outcome on the global odds ratio, incorporating all 4 outcome variables. The analysis with mNIHSS was identical to the analysis with the original NIHSS, reported previously. 20 The odds ratio for a treatment effect was 2.28 (95% confidence limits, 1.62, 3.22), which compares favorably with the first report. Of considerable importance is the observation that the use of the mNIHSS yields the same interaction terms in the final model, showing that the mNIHSS is similar to the original scale in logistic regression analyses.
Discussion
We propose a revised stroke scale for clinical research, the mNIHSS, that is simplified and should be somewhat easier to administer than the NIHSS. Our data indicate that the mNIHSS is more reliable than the preceding scale and is valid when used to analyze the data from the NINDS rtPA Stroke Trial. The items removed from the scale were level of consciousness, facial weakness, ataxia, and dysarthria. These were dropped because they exhibited poor reliability or were redundant in our previous clinimetric studies. Our data confirm that deleting these items improved the reliability and maintained the validity of the mNIHSS. The sensory item was collapsed from 3 to 2 responses to improve reliability. Of course, the mNIHSS must be tested in a prospective fashion, with a new data set used for confirmation. The previous version of the scale may be more appropriate for clinical monitoring of patients because the additional items may or may not detect changes in patient status that might be missed by the mNIHSS. The clinical utility of both scales outside of a research setting remains to be explored.
The scale proved nearly identical to the original when used in various statistical modeling procedures. The correlation of various outcomes, shown in Table 6 , may be viewed as validity, in the sense that patients who score well on the Rankin, Glasgow Outcome, or Barthel scales also score well on the NIHSS. Furthermore, when compared with the original scale, the correlation coefficients are nearly identical, confirming that the mNIHSS behaves in a manner similar to the original. More importantly, the scale imitated the original in the predictive models, which can be taken as an indicator of responsiveness. That is, the mNIHSS tends to predict response of patients to tPA as well as the original scale, when used in the multivariable model. 20 Likewise, the mNIHSS predicts likelihood of hemorrhage after tPA treatment as well as the original in the multivariable model of symptomatic hemorrhage. 19 However, another view of responsiveness includes the property of predicting within-individual changes; we could not assess this aspect of responsiveness. A limitation of this investigation is the use of data collected previously. The NIHSS scores collected during the reliability study and during the actual NINDS rtPA Stroke Trial were collected on forms that contained all 15 items of the NIHSS. For the present analysis we simply analyzed the 11 items proposed for the mNIHSS. While reasonable, this exercise has the potential pitfall that scores are biased. It is a theoretical concern that the presence of the 4 unsettled items may inadvertently influence the scores on the remaining items. To truly estimate the reliability statistics, the 11-item scale must be tested directly in a prospective design. Nevertheless, our data support further investigation of the mNIHSS and suggest that it may indeed be more reliable than the NIHSS.
As an indicator of validity, we used the mNIHSS to predict outcome in the original NINDS rtPA Stroke Trial. The scale certainly predicted the outcome that was detected with the NIHSS. The values for relative risk shown in Table 4 parallel those seen in the original study using the NIHSS. 10 However, the absolute values are higher, the confidence levels are generally narrower, and more of the tests are statistically significant, results predicted from the improved reliability of the mNIHSS. One might question, however, whether the mNIHSS might somehow overestimate a putative drug effect. It is true that the original study showed no significant effect on the main outcome variable at 24 hours: a 4-point improvement on the NIHSS. However, we have shown elsewhere that in fact there was a highly significant effect on outcome at 24 hours. 22 If any other criterion had been used for early improvement, ie, 5 or Ն6 points, then the original study would have been significantly positive. Therefore, the observation that the mNIHSS would have yielded a positive study on the 24-hour outcome is consistent with the improved power of the modified scale. The greater power of the mNIHSS would imply that fewer patients would be needed in future trials to detect significant treatment effects with the use of the 24-hour end points.
The outcome data 3 months after treatment suggest that the power for the mNIHSS is similar to the original. For each stratum we studied (Table 5) , the confidence limits were generally narrower and the probability values were generally lower than with the NIHSS. Reassuringly, the global odds ratio, calculated from all 4 outcome scales, changed only slightly when the mNIHSS replaced the NIHSS. This confirms the robust nature of the global test and further suggests that the mNIHSS may be combined with the other scales in the global test. In confirmation of this, we note that the correlation coefficients among the scales remained about the same when the mNIHSS was substituted for the NIHSS (Table 6) .
Our study does not address the potential bias of the original NIHSS toward hemispheric lateralization. For each 5-point category of the NIHSS Ͻ20, the median volume of right hemisphere infarction was approximately double the volume of left hemisphere infarction. 23 The significance of this observation is not yet clear, and we plan further studies of both the NIHSS and the mNIHSS with regard to potential hemispheric bias. Additionally, we did not assess the effect of eliminating other, low-reliability items such as gaze or neglect; these items were believed essential to characterizing the stroke study population.
The mNIHSS is not the ideal stroke scale, but it is clearly an improvement over the previous NIHSS. When used by trained investigators, it shows greater reliability and power than the predecessor and is valid for detecting a treatment effect. A further, prospective confirmation is needed before clinical use.
Editorial Comment
The NIH Stroke Scale: Is Simpler Better?
It has long been recognized that clinical observations need to be objectively measured to better compare data from different sources, improve communication between health professionals, and better plan patient care. 1,2 Although stroke scales have been in use for several decades, initially they did not adhere to any well-established or rigorous criteria but merely included items from the neurological examination to which were associated different numerical values. 3 Over the years, under the influence of the fields of psychometrics and biostatistics, criteria to assess the reliability and the validity of stroke scales have been proposed and implemented. 4 Although there has been some debate concerning the need and/or value of stroke scales, 5 most today would recognize their utility, especially in order to measure neurological impairment in the acute and subacute setting.
Because they can be used for different purposes, such as to evaluate a new therapy within a randomized controlled trial or to closely monitor the neurological evolution of stroke patients after admission to hospital to guide management, stroke scales have to answer different needs and thus can vary in their design and content. 6 For example a scale used to measure a therapeutic effect would benefit from being more comprehensive and sensitive to detect even small but beneficial effects of a new drug. 7 On the other hand, a scale that would be used by different health care professionals to monitor a patient's evolution and permit the detection of clinically meaningful changes in neurological status would need to put more emphasis on reproducibility, simplicity, and responsiveness to within-individual changes. 8 Regardless of the indication for which they were designed, stroke scales should adhere to some basic and recognized principles that will ensure their reliability and validity. 4 Some of these include (1) simple and nonambiguous definitions for the modalities tested, (2) a minimum number of grades per
